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Manures and Fertilizers. 
By H. J. WATERS, Director. 
r. SECOND BIENNIAL REPORT OF THE DIRECTOR 
OF THE MISSOURI AGRICULTURAL EXPERI-
MENT STATION ON THE ENFORCEMENT 
OF THE FERTILIZER CONTROL LAW. 
To the Thirty-ninth General Assembly of .lI£-issozw i: 
In accordance with the requirements of section 5 of the 
act of the Thirty-seventh General Assembly, approved March 
20, 1893, entitled an act to regulate the sale of commercial fer-
tilizers and prevent the adulteration of the same, I have the 
honor to submit herewith the second biennial report of the 
Director of the Agricultural Experiment Station, containing an 
itemized statement of the receipts and expenditures under the 
law, during the two years , 1895 and [896, together with a list 
of the brands of fertilizers inspected, and their composition. 
The total receipts of the office from this source are as 
follows: 
For the year ended December 31, 1895. 
F ees for analysis of fertilizers . .. . ... ... . . ... ... . : . $ 90 00 
Sale of tags. . . . . . . . . . . . .. ... ....... . ... .. .. .. . , . 155 00 
Total for 1895 ... . . .. . . .. . .. ... ...... .. ' .. . $ 245 00 
For the year ended December 31, 1896. 
Fees for analysis 'Of fertilizers .. . . . .. . . . ... . ........ $203 00 
Sale of tags. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249 45 
Total for 1896 .... . . . ..... . ..... .. .... . . . . $ 452 45 
Total for two years . . . . . ... .. . . .. . . .... . . . $ 697 45 
Itemized statement of the receipts and expenditures of the 
Missouri Agricultural Experiment Station, on account of fer-
tilizer control: 
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Date 
Received. 
1895. 
February 19 .. . 
March 6 ... .. . 
May 5 . . . . . .. . 
July 5 . . .. ... . 
July 19,. .... .. . 
August 22 .... . 
August 20 ... . 
August 31. . .. . 
August 31. ... . 
September 13 . 
September 20 .. 
September 14 . 
1896. 
January 27 . . . . 
March 2 ..... . 
March 5 .. .... 
RECEIPTS. 
Name and Place of Business of Man-
ufacturers and Brands. 
Reid Bros. Packing Co. , Kansas City 
Rec'd 
for 
Analysis 
. "Blood and Bone" . .. . . ... . . . . .. . $ 10 00 $ 
10 00 
Armour Packing Co., Kansas City. 
" Blood and Bone" ... .. . . .. ... . . 
tiFine Ground Beef Bone" . ... . . . 
"Raw Bone Meal" ... . . ..... .. . . . 
Swift & Co. , Kansas City. 
"Pure Raw Bone Meal" ,. .. . . . . . . 
P. B. Mathiason & Co. , St. Louis. 
"Pure Bone Meal" . . ......... . . . . 
P . B. Mathiason & Co. , St. Louis. 
"Acidulated Bone Meal with 
Potash" . .. ..... .... ..... . . . .. . 
Armour P acking Co. , Kansas City. 
"Fine Ground Beef Bone" . .. . .. . . 
"Raw Bone Meal" ... . .. . . ...... . 
" Blood and Bone" . . . . . . . . .. . .. . 
A. B. Mayer Mfg. Co., St. Louis. 
"Guaranteed Pure Bone Meal" .. . 
"Wheat Grower" ..... . . . . . .. ... . 
Swift & Co., Kansas City . 
"Pure Raw Bone Meal" .... . ... . . 
P. B. Mathiason & Co., St. Louis. 
"Acidulated Bone Meal with 
Potash" .. ... .. . .. .. . . .. . .... . 
Swift & Co., Kansas City. 
"Pure Raw Bone Meal'·' ., . ... . . . . 
Swift & Co., Kansas City. 
"Pure Raw Bone Meal" .. .. ..... . 
A. B. Mayer Mfg. Co., St. Louis. 
"Pure Bone Meal" . ..... . ..... . . ' 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 
Rec'd 
for 
Tags 
5 00 
10 00 
5 00 
5 00 
30 0 0 
5 0 0 
5 0 0 
10 0 0 
15 0 0 
10 0 0 
4 00 
1 00 
10 00 
15 00 
15 00 
5 00 
5 00 
Total for the year 1895 . . .... .. . $ 90 00 $ 155 00 
Swift & Co., Kansas City. 
" Pure Bone Meal" . . . .. . . .. ...... $ 
"Garden, Truck, and Cereal 
Forcer" ... .... ... ... .. . .. . . . . 
Armour Packing Co., Kansas City. 
"Fine Ground Beef Bone" ,. ..... . 
"Special" ..... .. ...... . . . .. . . . . 
"Raw Bone Meal" . . .. .. . .. .. . . . 
"Blood and Bone" . .. .... . .. .. . . 
Darling & Co .. Chicago, Ill. 
"Vegetable Grower" ... .. .... .. . 
4 
10 00 I 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 $ 5 00 
Date 
Received. 
RECEIPTS.-Continued. 
Name and PJaee of Business of Man" 
ufaetul'ers and Brands. 
3 
Ree'd Rec'd 
for for 
Analysis Tags. 
----------- ---_·---------"----------"----1·------------
1896. 
March 6 •. .... 
March 19 .... . 
AprillG .... . 
April 21. ... . . . 
April 30 ..... . 
I 
May 2 ........ i 
May 30 ...... . 
July 11 ....... . 
August 3 ..... . 
August 8 ..... . 
August 24 ... . 
September 1 .. 
September 2 .. 
September 2 .. 
September 4 .. 
September 4 . . 
September 5 .. 
Swift & Co., Kansas City. 
"Pure Bone Meal" ...... .. .. . .. . 
"Garden Truck and Cereal 
Forcer" .................... . 
Armour Packin~ Co;. Kansas ~ity ... " 1 
A. B. Mayer Mfg. Co., St. LoUIS. 
"Anchor Brand Complete" ..... , '$ 
Whitelaw Bros., St. r~ouis. 
"In Clover" .. . .. .... . .. . .... . . . 
"Frubaetoe" .... . ..... . ... . .. . . . 
P. B. Mathiason & Co , St. Louis . ... . 
"Pure Bone Meal" .. . ......... . . 
"Acidulated Bonc with Potash" .. 
Nolte and Dolch, St. Louis. 
"Ra w BOlle Meal" . ............ . 
"Aeidulated Slaughter House 
Bone" . .. . ....... . .. . ....... . . 
"Crop Multiplyer" . . . .. ........ . . 
Michigan Carbon W' ks, Dfltroit, Mich. 
"Homestead BOlle Blaek" ...... . 
Michigan Carbon W'ks, Detroit, Mich. 
"Seeond Det,ermination" ... . ... . 
Swift & Co., Kansas City. 
"Pure Bonc Meal" .. ...... . . .. . . 
P. B. Mathiason & Co., St. Louis. 
"Pure Bone Meal" .. . . . ........ . 
Plant Seed Co., St. Louis. 
"U niversa] Fertilizer" ......... . . 
Armour Packing Co., Kansas City. 
"I~aw BOlle Meul" .......... . . . . 
"Fine Ground Beef Bone" ...... . 
"High Grade Blood and Bone" .. . 
Swift & Co., Kansas City. 
"Pure Raw Bone Meal" ... . .... . 
Nolte & Dolch, St. Louis. 
"Mound City Ground Bone" ..... . 
P. B. Mathiason & Co., St. Louis. 
"Pure Bone Meal" ............ . . 
A. B. Mayer Mfg. Co .. St. Louis. 
"Pure Bone Meal" .. . .......... . 
"Corn and Wheat Grower" .... .. . 
Armour Packing Co., Kansas City. 
"Raw Bone Meal" ............. . 
"Fine Ground Beef Bone" ...... . 
"High Grade Blood and Bone" .. . 
:; 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 
10 00 
3 00 
10 00 
10 00 
10 00 
10 00 
$ 5 00 
[) 00 
25 95 
5 ob 
5 00 
5 (10 
5 00. 
5 00 
5 00 
5 00 
25 00 
20 00 
10 00 
5 00 
5 00 
25 00 
5 00 
10 00 
10 00 
5 00 
[) 00 
4 
Date 
Received. 
RECEIPTS.-Continued. 
Name and Plaee of Business of Man- Ree'd Ree' d 
ufacturers and Brands. for for 
Analysis Tags. 
-------1---- -----·----·-------------
1896 
September 10. 
September 10 . 
September 15 . 
September 15 . 
0etober 7 .. ... 
P. B. Mathiason & Co., St. Louis .. . .. . 
"Pure Bone Meal" . . . . . . . . . . . . . . $ 20 00 
Armour Packing Co., Kansas City . 
"High Grade Blood and Bone" . . . 10 00 
Nolte & Dolch, St. Louis. 
"Raw Bone Meal" . . . . . . . . . . . . . . 5 00 
P. B . Mathiason & Co. , St. Louis. 
"Acidulated Bone with Potash" .. 3 50 
A. B. Mayer Mfg. Co. , St. Louis. 
" Pure Bone Meal" .... .. . .. .. .. . 5 00 
"Corn and Wheat Grower" . . . . . . . 5 00 
--I--Total for the year 1896 .... ..... $ 203 001$ 249 45 
Total receipts for two years. . . . $ 697 45 
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EXPENDIT URES. 
Date Paid. Items. 
1895. 
March 6 ..... . W. E. Harshe, one record book .... . ........ . . 
March 25 ..... D. W. May, analytical fees " . .. . .. .. . .. . . . 
March 21. . . Heury Heil Chemical Co ., chemical supplies .. . 
April 18 .. IE. W. Stephens, printing tags . . .. .. . . .... . 
May 28 ... . . .. jD. W. May, analytical fees .... . . . ...... ... . 
August 29 ... . . D. W. May, analytical fees. . . . . . . . . . . . . 
August 19 . . . . . E. W. Stephens, printing tags .. ... . .. . ... . 
August 31. .. .. W. B. Schweitzer, clerieal services . . . . . . . . .. . 
September 9.. E. W. Stephens, printing tags... ... . .. . . 
September 28 .. E. W. Stephens, printing tags . . . . .. . .. . . . . 
November 30 .. KllY & Co., New York, chemical apparatus ... . 
----------- --------------
1896. 
January 31 . .. . D. W. May, analysis of two fertilizers 
March 28 ... D. W. May , al1n.lysis Ot seven fertilizers .. .. . 
Mn.rch 28 .. . .. E. W. Stephens. printing tags. . . . . . . . .. 
May 1 . . W. U. Telegrn,ph Co. , telegrams .. . . 
Mn,y 1. .. . . . . H. J . Waters, Director, trip to St. Louis to 
inspcctfertilizel's . .. .. . . ". . . . . . 
June 2 . . ..... E. W. Stephens, printing tags . . . . . . . . .. . ' " 
June 2. . '" . D. W. May, analysis of nine fertilizers ....... . 
June 2 . .. .... . D. W. May, analysis, three fertilizers 
July 31.. ...... D. W. May, ano.lysis of fmiilizer . . ... .. .. . . 
July 31.. . .. ... E. W. Stephens, pl'inting tags ....... . ..... . 
August 28 . .. . . E. W. Stephens, printing tags. . . . . .... . . . 
August .28 .... D. W. May, analysis of fertilizer . .. . .. . ... . 
October 2 . . . . D. W. May, ann.lysis of fertilizers ... ..... . .. . 
Octobor 3 .. . " E. W. Stephens, pl'intilig tags.. .. .. . . . .. . . . 
October 3 . .. .. Henry Hei! Ohemico.l Co. , St. Louis, Mo., 
chemicals for analysis, etc .. . ........ . .. . 
DeGember 3 . .. D. W. May, analysis of fertilizers .. . .. . ..... . 
December 21.. P. Schweitzer, chemist, chemical work ... .. . . 
December 31.. Henry Heil Chemical Co., St. Louis, chemicltls 
and apparatus . . . . . . .. ... . . . .. .. 
December 31. . Printing Bulletin No. 34 .. .. .............. . 
Total expenditures for two years .. . ... . 
7 
5 
Amt. Paid. 
$ 30 
14 00 
14 34 
18 50 
3 50 
2085 
29 50 
13 00 
10 00 
11 00 
84 90 
7 00 
27 00 
23 50 
50 
13 85 
20 00 
46 50 
6 00 
3 00 
2 50 
17 50 
4 50 
36 00 
56 00 
24 14 
16 50 
125 00 
33 15 
14 92 
$697 45 
Date. 
1895. 
Mch. 4 
Mch.19 
May 25 
July 11 
Aug. 13 
1896. 
Feb. 24 
Mch. 2 
Mch.10 
Mch. 5 
April 28 
May 12 
May 12 
May 16 
June 9 
July 3 
May 25 
Sep. 1 
Sap. 10 
ANALYSIS OF COMMERCIAL FERTILIZERS SOLD DURING 1895 AND 1896. 
'" 
'1;j '1;j 1-:3 ~l'l Zl'l Per cent Phosphoric Acid. l'l '0 Pl 
0", &Q I I · I :1* ~~ Name of Manufacturer. Brand of Fertilizer. ~'", ....'" ~~ o~I=l"" {fQ.,.. rt-c1" ~ ~ .... '" Solu- Rever- Insolu- Total. po • El(J) t:t ble. ted. ble. p. '" 
Reid Bros. Packing Co., Kansas City. Blood and bone ... . ........ ..... 6.21 . .... .. ... . ...... . 13.81 . . .. $35.( 
{RaW bone meal. ......... ..... 4.12 . .... .. .. .. ..... . . 24.44 . ... 40.( 
Armour Packing Co., Kansas City .... Fine ground beef bone ... 2.37 30.24 .... 40.E 
\ Blood and bone fertilizer. 6 77 14.54 .... 37.€ 
Swift & Co., Kansas City . . . . ..... Pure raw bone meal. ............ 3.87 .......... . ....... 25.921 .... 40.E 
P.B. Mathiason & Co., St. Louis •.. Pure bone meal. . . . . . . . . . .. . . ... 3 .92 ... . , .. ........... 22.701 . . . . 37.E 
P. B. Mathi.ason & Co., St. Loui.s ... Acidulated bone with potash ..... 3.171 1.82...... 20.83 22.651.61 36.( 
. I 
Swift & Co., Kansas City .......... . . Pure raw bone meal ...... i 5.28 4.01.... . ...... 30.30 30.30 ... 36.~ 
Swift & Ce., Kansas City. .. . ., Garden truck and cereal: 
fO}'<ler ....... . , .. ..... . ! ..... 5.88. . .. . . ... 18.00 18.00 ... 32. ( r High.grade 1;>1.00(: and bone. I ~. 90 7.60 ........ ,., ....... 8 .24 .... 29.i! 
Armour Packing Co., Kansas City. .. ) SpeCIal fertIhzeI ...... ... ' I 1.81 8.80 .................. 8.56... 33.~ 1 Fine ground beef bone. . .. 3.20 2.70 ................ 26,83 . . .. 29 . E 
Darling & Co., Chicago, Ill ... . ..... Raw bone meaL .... .. ,... 8.27 3.60 ......... ......... 23.76 . . .. 29. E 
A. B. Mayer Mfg. Co., St. Louis. '" Vegetable grower ........ ,. 7.92 3.35 4.07 4.83 3 . 17 12.079.67 32.( 
Anchor brand complete ... ,. 7.06 3.42 1.15 4.36 3.25 8.761.57 20.E 
P. B. Mathiason & Co., St. Louis ..... { Pure bone meal. .......... 1 6.20 3,95 . .... . ..... ..... ,. 23.38 " .. 30. [ Acidulated bone & potash. 3.76 2.57 3.76 1.64 7.68 19.08 2.71 28.[ 
fRawbonemeal.. ... .. , ... 6.623.91 ....... 22.58 29."1 
Nolte & Dolch, St. Louis .... . .. . .. . Acidulated slaughter house 1 bone ................. 10.943.97 6.36 1. 75 1 .87 9.98 22.E 
Crop multiplyer .......... 10.90 2.39 6.85 1.82 3.86 12,53 2.91 22. ] 
Whitelaw Bros., St. Louis., .. , .. ... {Fl'Ubact~e ..... '. : : : :: ... i 9. 76 ~. 53 2.61 2.73 1.83 7.17 5.02 23.~ In clovel... .... . ... 10.58~.79 5.17 2.57 3.99 11.73 2.09 22 E Michigan Carbon Works, Detroit,Mich Homestead bone black ... . . 13.14 2 .60 6.50 1.27 1. 69 9.46 2 .32 20.4 
Michigan Carbon Works, Detroit,Mich Homestead bone black .... 12.4412.60 6.96 1.69 1. 59 10.24 2.32 21.4 
Plant Seed Co., St. Louis ....... , .. " Universal feI·tilizer . . . . . . .. 4.133.14 8.48 2.24 2.85 13.57 5.13 29.] {An'b" b,wd P'" bone 3.77 . .... A. B. Mayer Mfg. Co. St. Louis. .. .. meal .................. 6.85 ...... ...... . 21.25 . ... 28.~ 
, Anchor brand corn and 
wheat grower .......... 7.'72 3.7212.52 4.65 6.45 ]3.65 2.34 27 .0 
Nolte & Dolch, St. Louis. .. ..... ... Mound City ground bone ... 4.80 2.70 ..... 13.16 18.6 
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1 
5 
8 
5 
6 
9 
3 
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8 
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3 
1 
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TRADE V AI-UES. 
In the last column of the foregoing table is an estimate of 
the trade or commercial value of each brand of fertilizer 
licensed in the state during the two ye.ns cov.ered by this 
report. 
In 1896 the following schedule of prices for the different 
valuable ingredients contained in these fertilizers was adopted 
from which the trade value pel' ton has been computed: 
TRADE VALUES ADOPTED FOR 1896. 
Phosphoric acid: Per pound. 
Insoluble-In pure bone and tankage .... .. .... . .... . ... $ .04 
Very fine unaeidulated S. C. rock .... . ... " .02 
Basic slag ..... : ........................ '. ....... .04 
Sol1tble.. .. .... .. .. ........ .... ............... ... .05 J.i 
Nitrogen: 
Fine' bone .. . .. . ....... :........ .. ................. .15 
Blood and bone.... . . . . . . . . . . . . . . . . . . . . . .. . .. ...... .15 
Fine bone and tankage ............... '" . ..... . ...... .15 
In nitrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16 
In ammonium salts......................... . ...... .19 
Potash: 
As a sulphate .... . ............. . ............ " . .... .06 
As a muriate .... . .. . .... . . . , . . . . . .. ..... .... .. . . . .05 
The prices fixed for nitrogen, phosphoric acid, and potash. 
in the foregoing schedule are intended to be approximately the 
average selling prices of these materials delivered to the farmer 
with freight and agent's commissions paid. They are of value 
only in indicating what would be a fail' price for the fertilizer 
the farmer has decided to purchase. This trade value should 
not in any case be confused with the agrz'cultural value of a 
fertilizer. The two terms mean quite different things. It 
would be more satisfactory to th/e purchaser to have the Station 
fix the agricultural instead of the trade value of all fertilizers 
inspected, but unfortunately the present knowledge of the soil 
and of fertilizers is too meagre to permit this to be done. 
9 
s 
AMOUNT OF COMMERC[AL FERTILIZERS SOLD IN MISSOURr. 
In 1895 four manufacturers of commercial fertilizers sub-
mitted samples of seven brands for analysis, and purchased 
tags for the 'lame. 
In 1896 nine manufacturers submitted samples of twelve 
brands, and purchased tags for the same. 
In 1896, according to the reports of the licensed dealers 
doing business in this state, it is estimated that the spring sales 
of fertilizers amounted to approximately 300 tons, consisting 
chiefly of complete goods containing available phosphoric 
acid. It appears that these materials were used chiefly on gar-
den truck, strawberries, orchards, potatoes, and corn. The 
bulk of these fertilizers was purchased by farmers and garden-
ers in the vicinity of the cities, and by the orchardists of 
southern Missouri. 
The fall sales are estimated to have amounted to 1,700 
tons, chiefly of raw or steamed bone goods, with more or 
less blood added. Most of these fertilizers were applied to 
wheat. 
According to these estimates, which are believed to be 
{;onservative, the total consumption of commercial fertilizers in 
the state in 1896 was 2,000 tons. Assuming that these ma-
terials cost the consumers an average of $25 per ton, the 
farmers of Missouri invested the sum of $50,000 in commer-. 
cial fertilizers during the year. 
These fertilizers appear from the reports of the manufac-
turers to have been used almost entirely in the two tiers of 
counties on the eastern border of the state, and in a few 
counties in southwest Missouri. No sales are reported in 
north l\[issouri, and very few in the central portion of the 
state. 
\Vhile the aggregate sum .paid last year for commercial 
fertilizers by the. Missouri farmers may appear to be large, it 
is insignificant in comparison with the investment for this pur-
pose. by the eastern and southern farmers. Conservative 
estimates place the annual cost for fertilizers in many of the 
10 
9 
eastern states at from $3,500,000 to $5,000,000 each, and 
. the total for the North Atlantic states at $40,000,000. 
Until within recent yea;s little interest has been manifested 
by the farmers of our state in the use of fertilizers of any kind, 
and in the preservation of their vast stores of soil fertility, but 
the increasing number of inquiries for information on these 
subjects received by the Station point forcibly to the necessity for 
improved methods of cropping and handling our soils, and for 
knowledge concerning the rational use of farm manures and 
commercial fertilizers . 
It is doubtful if the general use of commercial fertilizers 
on the common farm crops such as wheat, oats, and corn, will 
prove profitable in all sections of the state. In fact there are 
many soils in the state on which the increased crop secured 
f~·om their use would not be sufficient to pay the cost of the 
feitilizers used. On the other hand, some of our soils have 
been so depleted of their supply of available plant food that 
remunerative crops can not be grown without the addition of 
some food material, either in the form of barnyard manure, 
green manure, or commercial fertilizers. 
II. FERTILIZER TESTS WITH WHEAT. 
Inasmuch as a large proportion of the commercial fertilizers 
sold in the state is applied to wheat, the Experiment Station 
began in the fall of 1893 a series of fertilizer tests with this 
crop, the results of v,rhich up to the present time are herein 
reported. 
These experiments were planned by Dr. Edward D. 
Porter, then director of the station, and carried on success-
fully by him until his untimely death in January, 1895 . . Mr. 
Conner, Assistant in Agriculture, had charge of the details of 
this work. 
11 
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PLAN AND OBJECTS OF THE EXPERIMENT. 
It was proposed to ascertain: 
I. The increased yield obtained from the use of the 
valuable ingredients (nitrogen, phosphoric acid, and potash) 
used singly. 
2. The comparative effect of complete and incomplete 
fertilizers. 
3. The economy of different quantities of complete fer-
tilizers. 
4. The effect of commercial fertilizers compared with 
barnyard manure. 
S. The value of lime as a fertilizer. 
6. The comparative effect from the use of dissolved bone 
black ana raw bone meal. 
The soil upon which these 'experiments were conducted is 
a moderately rolling upland, limestone clay loam of more than 
average fertility. The previous cropping was corn from 1888 
to 1892, and oats in I893' 
The land was plowed about August IS of each year to 
a depth of about six inches, and thoroughly prepared for the 
seed. The wheat was sown about September 10, at the rate 
of six pecks per acre. The fertilizers were applied but once, 
viz., in the fall of I893, according to the schedule in the 
subjoined table of yields. Each plot was harvested, threshed, 
and weighed separately. 
I2 
~ 1894. 11:>,189-5. --rs~verage:l " Yield peri Yield per Yield per years. Y'ld 
~ I acre. acre. acre. per acre. 
'"g. FERTILIZERS APPLIED IN THE FALL OF 1893. ~\ g? Q ~ Q ~ Q\ ~ 
g. Pi t-< Pi Pi t-< Pi ~ t-< ~ Pi t-< ~ 
• 1::0_. <>' .... td_. <>' .... td_. 0- .... 1::0_. <>' .... 
f?~:"f?~:"f??':"P? ~:" 
- --1--------
119 No manure. . . .. . . . . .. . . .... . .. . . . .. .. . . . . . . .. . . . . . . .. .. .. . . .. . .. .... .. .. 20.2 '137037.02980 4 .0 400 20.411583.3 
l20 Twenty loads of stable manure, 63950 lbs. .. .. . ....................... . ... '130.2 2800 42.83630 18.3
1
150030.4 2643 .3 
121 350 lbs. dissolved bone black, 450 lbs. nitrate of soda, 150 lbs. muriate of potash 31.0 2170 35.8 2430 10.3 800 25.7 1800 .0 
122 700 lbs. dissolved bone black, 300 lbs. nitrate of soda, 300 lbs. muriate of potash,39.3 2940 35.0 2600 14.5i1220 29.62253.3 
12310501bs. dissolved bone black, 450 lbs. nitrate of soda, 450 lbs. muriate of potash 42.22690134.71242017.8,1390 31.52166.7 
124 No manure .. . ............. . ............. . ......... . ............. .. ..... . .... 20. 8 1670137.53050 9.81 910 22.7 1876 .7 1341050 lbs. dissolved bone black, 450 lbs. nitrate of soda, 450 lbs. muriate of potash 44 .33080,39 .7 3620 14.8:1330 32.92676.7 
135 7001bs. dissolved bone black, 300 lbs. nitrate of soda, 300 lbs. muriat e of potash 37 .312940I13o.812L50 14.81119027.62093 .3 
136 350 lb~ . dissolved bone black, 150 lbs. nitrate of soda, 150 lbs. muriate of potash 33 .812140,27 .012080 19 .2'1550 26 .7,1923.3 
'137 Twenty loads stable manure, 66100 lbs ............. . ...... . ........ , ..... .. ... 36.212270129.72020119. 7!1620 28.5
1'
1970.0 
:a 
IIi 
t<J 
> 1-3 
'1 
0-1 
a;' 
s: 
o 
H> 
138 No manure ............................... .. ............. . .... , ............ 27. 3i.1880i34.2 2750113. 31 16024.91930.0 
151 Twenty loads stable manure . . .............. . ............ . .......... . ...... . .. 25.011920149.24350 23 9i,2060 32.712776.7 
152 800 lbs. raw bone meal, 300 lbs. nitrate of soda, 300 lbs. muriate of potash . .. .. . 36 .01282042 .8 3780121. 8,1980 33.512860.0 Q 
153800 lbs. raw bone meal, 300 lbs. nitrate of soda ...... . ..... .. .. . .. ... ...... . . . . 138.212830137.83980,22.7:190032.912903.0 Pi 
154800 lbs. raw bone meal. ... .. .... . ...... . . . .... . ......... . ... . . . ...... . . ... 24.811770[42.8
1
3510123.81193030.5:2403.0 S' 
155400 lbs. raw bone meal, 150 lbs. ll~trate of soda, 150 lbs. muriate of potash ...... 35 .212350138.73180121. 211930 31. 712487.0 Il' 
156400 lbs. raw bone meal, 150 lbs. mtrate of soda . ..... . . ...... . .... .. ...... . . ... 30 .3,2060 ,34. 32390119.2,.11570 27.9
1
2007.0 g. 
157400 lbs. raw bone meaL ............. . ...... . ................................ 20.2:1450133.02470,14.2.135022.51757.0 Ul 
158Nomanure . . .... . ............... . . . . .... . .............. .. ............. . .. . . 17 .8;14801'30.525701 4.2[ 47017.511507.0 :q-
185
1
No manure ...... .. .............. .. .. .. ........... . ... : .... .. .... ... ......... 16.7;138028 .32050 5.0i 570 16 .711333.0 ~ 
186150 lbs. nitrate of soda. . .. . .............. ......... ...... . ........... . " 17 .5i1790128 .3 2300 3 .0[ 66016.311583.0' 
18'7350 lbs. dissolved bone black .............................. . .. . ............... 17.7: .1120130 .32380 9 .. 8 . 107019.311523.0 'g 
188150 lbs. muriate of potash .. ................. . ................... .. ......... . . 15.5[157026 .32420 4.8i 53015.5,1507 .0 ... 
1891150 lbs. nitrate of soda, 35Q lbs. dissolved bone black .. . . .. . . ... . .. , ...... . . ... 29 .31164032.82930 11 .5;1150 24.5/1907.0 S-
190150 lbs. nitrate of soda, 150 lbs. dissolved bone black . .......... . ............. 24 .011850,25.722601 8.3 1' 90019 .311670 .0 a; 
191150 lbs. muriate of potash, 350 lbs. dissolved bone black .. ' ................. . .. 16.0\,1350129.3 2280,12.2 93019.211520.0 . 
192150 lbs. muriate of potash, 3501bs. dissolved bone black, 150 lbs. nitrate of soda. 25.7 1720i27 .02380,14. 51350 22.41817.0 
193 50 bushels lime, broadcast . .. .... ... . .. . ........... . . .......... . ...... . .... . .. 118.511230126.7 2300
1 
8.51830 17 .9 1453 .0 
194 Twenty loads stable manure, 67900 lbs ............ ; ........ . .................. 25 .2,11850134 .5268022.81790 27.52107.0 
195 No manure .................................................................. 19.7136035 .72710 8.2115021.21740.0 
197350 Ibs dis. bone blaek, 150 lbs. nit rate of soda, 1501bs. muriate of potash ... .. . 33.011080136.82950,16.8135528.91795.0 
198 150 lbs. muriate 0,£ potash, 150 lbs. nitrate of soda .. . ... . .......... " . ..... ... .. 26.5 2110
1
38.3 3840 13.3 1360 26.0 2437.0 
199
1
350 lbs. dissolve.d bone b lack, ]50 lbs. nitrate of soda ... , . .. ........ . .... . ..... 26.3 :188038 .8
1
3570 7.2 82024.12090 .0 
200 No manure . . ................ . ..... . ...... . ...... .. .............. .. .......... 16.8.1650 35.84350 3 .1 455 18.5 2152 .0 
,201700Ibs. dissolved bone black, 300 lbs. muriat e of potash, 3001bs. nitrate of soda 26.2 2090 45.0 3750 8.7100026.62280.0 
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SUMMARY OF RESULTS. 
WHEAT.-Yield of Grain and Straw per Acre. 
'?z 1894. 1 1895. 1 1896. Average for 3 yrs. 
FERTILIZER APPLIED' PER ACRE ~ --1-- --1- 1--1-
IN FALL OF 1893. 't:I Q ~ Q ~ , Q ~ Q ~ ~ ~ ~ 1 ~ ~ 1 ~ ~ ~ .~ g ~. ~ ~. ~ ~. ~ ~. ~ 
",=:1 .. ::1 .. t:l .. =:I::a 
No m=~==~ 1~.9!1~41 i 3~.112~23 1~~ ;312~.31~3Z 
Lime-50 bushels. .. ....... 118.5123026.712300 8.5 83017.91453 
Barnyard manure-33 tons. .. 429.12210
1
39.0
1
,317021.2174029.82374 
INGREDIENTS USED SINGLY- I 
150 lbs. nitrate of soda ...... 117.51790128.312300 '1 3.0 66016.31583 
350 lbs. dissolved bone black. 117.71120,30.312380 9.8 107019.31523 
150 lbs. muriate of potash .... 115.51570126.32420 4.8 53015.51507 
400 lbs. bone meal* ........ . . 120.21450133.012470 i14.21350 22.51757 
800 lbs. bone meal* ......... 124.81770
1
42.8351023.8193030.52403-
Two INGREDIENTS- I 
150 lbs. nitrate soda ....... '} 1 ')4 0 1850 25 7 ')')60 8 3 900 19 3 1670 
150 lbs. dissolved bone black ~ . I· ... ~ i . . 
150 lbs. nitrate soda .. . .... } 1 ')9 3164032 8'>93011 51150 ')4 5 190~ 
350 lbs. dissolved bone black ... . I' 1- 'I ' _. { 
150 lbs. ~uriate of potash .. } 116.0135029.3'2280 ,12 . 2 93019.21520 
350 lbs. dl~solved bone black 1 I' 1 
.150 lbs. mtrate of soda .. } 1 30.3 2060 34.3239019.2 157027.912007 
400 lbs. bone meal. ....... 1 I 1 I 
300 lbs. nitrate of soda ..... } 1 38.2 2830 37.8 3980 22.7 1900 32.92903-
800 lbs. bone meal. . . . . . . 1 1 1 
COMPLETE FERT1LIZER- . 
150 lbs. nitrate of soda ..... } . 
150 lbs. muriate of potash. 430.9 1777 31.6
1
2460
1
15.2 126425.9 1834-
350 lbs. dissolved bone black . 1 
300 lbs. nitrate of soda ..... } 1 
300 lbs. muriate of potash. . 334.32657136.912833112.7 114027.7'12208 
700 lbs. dissolved bone black 
450 lbs. nitrate of soda . . ... } . 
450 lbs. muriate of potash. . 243.22885137.23040 '116.3 136032.2,2422 
1050 lbs. dissolved bone black 1 I 
150 lbs. nitrate of soda .. . .. } 
150 lbs. muriate of potash. . 1 35.22350138.713180121.2 193031. 712487 
400 lbs. bone meal. . . . . . . . . I 
300 lbs. nitrate of soda ..... } . I 
300 lbs. muriate of potash. . 136.0282042.81'3'780121.81980133.52860 
800 lbs. bone meal. . . . .. .. I I 
-- ---
* Contains both nitrogen and phosphoric acid. 
A study of these tables shows that for our soil: 
1. An application of 50 bushels of air slaked lime per 
acre did not increase the yield of either grain or straw over that 
produced on plots to which no manure or fertilizer was ap-
plied. A fair price for lime spread on the land in districts 
where limestone abounds and is easily and cheaply quarried 
and bill"ned is ten cents per bushel. The application of 50 
bushels of lime represents, therefore, an outlay of five dollars 
per acre from which no increased yield was returned. 
II. An application of 33 tons of fresh barnyard manure 
per acre showed an increase: 
The first year of. . . . . . . 9.2 bus. of grain and 669 Ibs. of straw 
The second year of. ... 4.9 bus. of grain and 247 Ibs. of straw 
The third year of ...... 14.4 bus. of grain and 1121 Ibs. of straw 
Total gain for 3 years .. 28.5 bus. of grain and 1927 Ibs. of straw 
It should be understood that these manures were applied 
but once, in the fall of 1893. It is likely that the beneficial 
effects of this manure will be seen in subsequent crops. 
III. The application of a complete * commercial fer-
tilizer, composed of ISO pounds of nitrate of soda, IS0 pounds 
of muriate of potash, and 350 pounds of dissolved bone black, 
containing approximately 24 pounds of nitrogen, 78 pounds of 
potash, and 56 pounds of phosphoric 'acid, showed an increased 
yield over the plots receiving nothing, during the first year, of 
I I bushels of grain and 236 pounds of straw. A loss during 
the second year of 2.5 bushels of grain and 463 pounds of 
straw. A gain in the third year amounting to 8.4 bushels of 
grain and 533 pounds of straw; making a total gain in the three 
years of 16'9 bushels of grain and 306 pounds of straw per 
acre. 
IV. Doubling the amount of these materials applied, so 
that approximately 48 pounds of nitrogen, 156 pounds of 
* A fertilizer containing nitrogen, phosphoric acid, and potash. 
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potash, and 112 pounds of phosphoric acid were used per acre 
the gain over the unmanured plots was: 
The first year .. ... . ... 14.4 bus. of grain and 1116 Ips. of straw 
The second year .... " 2.8 bus. of grain and -90 lbs. of straw 
The third year ... . . . . 5.9 bus. of grain and 409 lbs. of straw 
Total gain for 3 years. 23.1 bus. of grain and 1435 lbs. of straw 
V. By still further increasing the amounts of these ma~ 
terials to 450 pounds of nitrate of soda, 450 pounds of muriate 
of potash, and 1050 pounds of dissolved bone black, contain-
ing approximately 72 pounds of nitrogen, 234 pounds of 
potash, and 168 pounds of phosphoric acid, the gain in yield 
over the unmanured plots was: 
The first year . .. ..... . 23.3 bus. of grain and 1344 lbs. of straw 
The second year .. . ~. 3.1 bus . of grain and 117 lbs. of straw 
The third year . .. . . .. ' 9.5 bus. of grain and 629 lbs. of straw 
Total for 3 years . .. .. . 35.9 bus. of grain and 2090 lbs. of straw 
VI. Instead of supplying soluble phosphoric acid in dis-
solved bone black, the insoluble form was applied to one plot 
in raw bone meal with nitrogen and potash as follows: ISO 
pounds of nitrate of soda, ISO pounds of muriate of potash, 
and 400 pounds of raw bone meal, containing approximately 
40 pounds of nitrogen, 78 pounds of potash and 8S pounds of 
insoluble phosphoric acid; Fr<;>m this fertilizer a gain over the 
t1l1manured plots is shown for 
The first year of . ... .. 15.3 bus. of grain and 810 lbs. of straw 
The second year of . .. • 4.6 bus. of grain and 258 lbs. of straw 
The third year of . .. .. 14.4 bus. of grain and 1199 lbs. of straw 
Total for 3 years ...... 34.3 bus. of grain and 2267 lbs. of straw 
VII. By doubling the amounts of these materials so that 
300 pounds of nitrate of soda, 300 pounds of muriate of potash, 
and 800 pounds of raw bone meal, supplying approximately 80 
pounds of nitrogen, I56 pounds of potash and 176 pounds of 
insoluble phosphoric acid, were applied per acre, the gains 
over the plots receiving nothing were for 
The first year . . ... .. .. 16.1 bus. of grain and 1279 lbs. of straw 
The s.econd year. . . . .. 8.7 bus. of grain and 857 lbs. of straw 
The third year .... . ... 15.0 bus. of grain and 1240 lbs. of straw 
Total for 3 years ...... 39.8 bus. of grain and 3376 lbs. of straw 
. 16 
VIII. Applying the ingredients singly the results show: 
(a) No gain from the use of ISO pounds of nitrate of 
soda per acre, when compared with the yield of the unmanured 
plots. 
(b) The same may be said of the application of 350 
pounds of dissolved bone black, and of IS0 pounds of muriate 
of potash used separately. ~ 
(c) It does not appear to be advisable to use single in-
gredients on our soil for the production of wheat, as in no in-
stance did they produce an increased yield either in the first 
year or at the end of three years. 
IX. From the use of two ingredients , the results show: 
(a) A gain from a combination of I SO pounds of nitrate 
of soda, and IS0 pounds of muriate of potash, amounting to 
4.1 bushels of grain and 309 pounds of straw the first year, a 
loss the second year, and a gain the third year of 1.5 bushels of 
grain and 169 pound of straw. Averaging the three crops, 
there does not appear to be any gain from this combination. 
( b) By substituting 350 pounds of dissolved bone black, 
supplying 56 pounds of phosphoric acid for the potash in the 
foregoing combination, the nitrogen remaining the same, the 
gain of the first year was 9.4 bushels of grain and 99 pounds of 
straw. The second year the plot yielded 1.3 bushels of grain 
and? pounds of straw less per acre than the average of the 
unmanured plots. In the thi~d yeal" there was a gain of 4.7 
bushels of grain and 4I9 pounds of straw, making a total 
gain in the three years of 12.6 bushels of grain and 525 pounds 
of straw. In this case the value of the increase in the grain at 
the end of the third year had amounted to $8.68. The fer-
tilizer cost $9.75, leaving a deficit of $ 1.07 to be made up in 
subsequent gains. 
( c) A combination of 78 pounds of potash and 56 pounds 
of phosphoric acid, supplied in ISO pounds of muriate of 
potash, and 350 pounds of dissolved bone black, failed to show 
a gain iri either of the first two years and a gain of 5.4 bushels 
of grain and I99 pounds of straw in the third year. Averag-
2 
ing the yields for the three years, no gain over the unmanured 
plots is shown. 
X. Bone Meal. It has already been shown that by sup-
plying the phosphoric acid in the slowly soluble form of bone 
meal instead of in the quickly available form of dissolved bone 
black, a greater gain was secured. It should be borne in mind 
. that bone meal (rf'w or steamed) contains both nitrogen and 
phosphoric acid, both of which however are slowly soluble. 
An application of 400 pounds of bone meal per acre sup-
plying approximately 88 pounds of insoluble phosphoric acid 
and 16 pounds of nitrogen, produced a gain compared with the 
adjoining unmanured plot. 
The first year of.. .. .. 2.4 bus. of grain and -30 Ibs. of I!traw 
The second year of. .. 2.5 bus. of grain and -100 lbs. of straw 
The third year of ..... 10.0 bus. of grain and 880 lbs. of straw 
Total gain in 3 years .. 14.9 bus. of grain and 750 lbs. of straw 
Rating bone meal at $25 per ton the fertilizer cost in this 
case $5 per acre, and at the end of three years the increased 
grain secured was worth at market rate $Io.81, leaving a profit 
of $5.81 per acre. 
From an application of 800 pounds of bone meal, supply-
ing approximately 32 pounds of nitrogen and 176 pounds of 
insoluble phosphoric acid, the gain over the unmanured plots 
in this group was: 
The first year .... . . . 
The second year .... . 
The third year . . . .. 
7.0 bus. of grain and 290 lbs. of straw 
12.3 bus. of grain and 610 lbs. of straw 
19.6 bus. of grain and 14601bs. of straw 
Total for 3 years . .... 38.9 bus. of grain and 2360 lbs. of straw 
The cost of this fertilizer to the farmer at the present time 
would be $10 per acre. The value of the increase in grain 
amounts to 
7 bushels in 1894, at 60 cents .... . ......... . ... . 
12.3 bushels in 1895, at 55 cents . . .. . . . . . . . . . . . . . .. . .. . 
19.6 bushels in 1896, at 80 cents ................ , ..... . 
Total for three ;rears, • • • • 0 .... " ...... ' •• , .. 1 r ~ ~ , • • .. ... . ..... 
$ 4.20 
6.76 
15.68 
$26.64 
TI-IE EXHAUSTION OF SOILS. 
Soils become worn out, exhausted, or unproductive by: 
1. The removal of one or more of the elements of plant 
food in the crops harvested, through leaching or by surface 
washing, faster than they are rendered soluble by the usual 
processes of nature. This depletion or exhaustion on naturally 
good soils may be temporary, and indicates that by the means 
already stated the soluble or available supply of plant food 
only is exhausted. 
2. The burning out of the vegetable matter or humus, 
leaving the soil heavy, compact and unsuited physical! y for the 
best development of plants. In this condition the water bold-
mg power of the soil is greatly reduced. Less water enters it 
when rainfalls occur, and it is less able to retain its moisture 
supply. 
It not infrequently occurs that both of the conditions just 
described are present in a soil that has been grown for a long 
time in tillage crops. It has been well demonstrated that tillage 
greatly facilitates the destruction of vegetable matter and the 
loss of nitrogen. It has been found, for example, that for 
every pound of nitrogen removed in the corn corp, approxi-
mately three pounds were lost by cultivation. * 
The three elements of plant food most often depleted by 
continued tillage and the removal of crops are nitrogen, phos-
phoric acid and potash. Unless the process of depletion has 
been carried too far, or unless the soil was naturally poor in 
these elements, a season of rest will render it again fairly 
producth<e for a short time, inasmuch as a portion of these 
elements of plant food yet contained in the soil is made soluble 
by the processes of nature and accumulates there ready to be 
drawn upon by the succeeding crops. By this process, how-
ever, nothing is added to the soil, and the supply of plant food 
already present is drawll upon in the most expensive manner. 
Essentially the same thing occ;urs when lime is applied as a 
fertilizer. Practically all the agricultural lands ill Missouri 
*Minnesota Experiment Station, Bulletin No. 41. 
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contain sufficient lime to supply all of the requirements of 
plant growth. If an application of air slaked lime increases 
the crop, it is because this lime has unlocked the elements of 
plant food already contained therein, and rendered them avail-
able to the plant. 
An application of barnyard manure or commercial fertil-
izer or the turning under of a green manure crop such as 
clover or cowpeas will produce the same effect as a summer 
fallow or rest by: 
1. Adding a supply of readily available plant food upon 
which the crops can at once feed. 
2, The vegetable manures such as barnyard and green 
manures serve other equally important purposes in the soil, 
otherwise many strawy stable manures from the application of 
which good effects may be seen for several years, would not be 
worth hauling to the field. That is to say, the nitrogen, phos-
phoric acid and potash contained in them could have been pur-
chased and applied in the form of commercial f~rtilizers at less 
expense than the stable manures could have been spread upon 
the fields. By the addition of this vegetable matter the physi-
cal condition of the soil is improved by being made more 
friable,' and more easily tilled. Its water holding capacity has 
been materially increased at the same time that its capacity for 
absorbing the water which falls on its surface in the forms of 
rain and snow, is increased. 
An example of the effect of vegetable matter on the water 
holding capacity of the soil is reported. '* A new soil, culti-
vated two years, containing 3.75 per cent of vegetable matter 
showed 16,48 per cent of water. A similar soil which had 
been in tillage crops until its content of vegetable matter had 
been reduced to 2.52 per cent contained at the same time only 
12.14 per cent of water, a -eifference of 1.5 quarts per cubic 
foot of soil. Other cases are reported in which soils with a 
normal amount of vegetable matter contained fully one-fourth 
more moisture than those in which this material had been 
allowed to burn out by constant tillage. Not only do the soils 
containing large quantities of vegetable matter contain more 
* Minnesota Experiment Station, Bulletin No. 41. 
20 
water, but they give off their water by evaporation more slowly 
than do those soils whose humus has been burned out. 
An experiment with the two soils above described, in 
which they were exposed to the sun for ten hours after having 
been wet to the same degree, showed that the new soil rich in 
vegetable matter tetained 6.12 per cent of water, while the 
soil with its vegetable matter depleted retained but 3.94 per 
cent, a difference of nearly a.quart per cubic foot. 
In the case of coarse, sandy soils, this loss of humus or 
vegetable matter is most severely felt, the humus in these soils 
taking the place of fine clay in stiffer soils. 
3. This added vegetable matter makes the soil warmer 
and quicker than before, notwithstanding the increased amount 
of water held, for the color is darker, enabling it to absorb 
more of the sun's heat, and the decaying of this vegetable mat-
ter produces sensible heat in the same way, although to a much 
less degree than the decaying of manure in hot beds. It has 
been observed that freezes did no damage on soils rich in 
humus and of dark color, while .those similarly located and 
adjoining which had been depleted of humus were visited by 
killing frosts. 
4. This humus is a powerful solvent of the inactive 
potash, phosphoric acid, and silica in the soil. It has been 
found '* that ill soils well supplied with humus there were 
1,500 lbs. of phosphoric acid combined with the humus out of 
a total of 8,750 in the soil, and 1,000 lbs. of potash combined 
in the same manner out of a total of 12,250. In soils poor 
in humus there were nearly as many pounds phosphoric acid 
and potash, but less inavaiJable forms. 
*Minnesota Experiment Station, Bulletin No. 41. 
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III. THE ECONOMIC VALUE OF FARM MANURES. · 
The first step toward restoring the lost fertility of our fields 
is the better preservation and use of the excrements of the ani-
mals of the farm, and the more general use of such green 
manure crops as clover and cowpeas. It will not be found 
profitable to apply commercial fertilizers, and allow fully 
three fourths of the farm manure to be wasted. A conservative 
estimate * places the fertilizing value of the manure produced 
annually by the farm animals of the United States at over two 
thousand million dollars. This estimate is based on the num-
ber of farm animals and on the amount of nitrogen, phosphoric 
acid, and potash contained in their manure, rating these 
materials at the prices usually assigned to them in the form of 
commercial fertilizers. On this basis, the value of the manure 
excreted by the farm animals in Missouri each year would 
amount to $ 15°,000,000. This estimate is probably too high 
for this state, since a relatively smaller quantity of foods rich 
in nitrogen, such as cotten seed meal, linseed meal , wheat 
bran, etc., are fed in Missouri than in most of the eastern and 
northern states. 
It is undoubtedly true, however, that the value of thi~ prod-
uct of the farm is large enough to warrant' our most serious 
attention, and to justify the employment of such means as are 
necessary to preserve without waste, and apply in the best 
manner, all the manure produced. 
CONDITIONS AFFECTING THE COMPOSITION AND VALUE OF 
FARM MANURES. 
I. INFLUENCE OF KIND OF ANIMAL. 
Sheep manure is usualltthe richest farm manure produced. 
It is naturally quite dry and undergoes fermentation easily. On 
this account it is quite liable to lose a portion of its nitrogen by 
evaporation, unless mixed with straw or other litter and kept 
moist. 
* New York Agricultural Experiment Station, Bulletin 94, page 324. 
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Horse manure is usually rich in fertilizing constituents. As 
in the case of sheep manure, a loss of nitrogen is likely to occur 
from too rapid fermentation unless the precautions already 
referred to are observed. The urine of horses is especially rich 
in nitrogen and potash. 
Hog manure is usually very rich, contains considerable 
water, ferments slowly, and generates little heat in rotting. 
Cow manure has, as a rule, less fertilizing .value than any 
of the other farm manures. It contains a large amount of 
water, ferments slowly, and generates little heat. 
Poultry manure is quite rich, especially in nitrogen and 
potash. It ferments readily and loses nitrogen easily. 
II. INFLUENCE OF AGE OF ANIMALS. 
·Young growing animals retain in their bodies as growth 
greater quantities of the nitrogen, phosphoric acid, and potash, 
supplied in the food, than do grown animals. Hence, manure 
from young growing animals is less valuable than from mature 
ones, the food being the same. Full grown animals not gain-
ing in weight, throw off in the dung and urine essentially all the 
fertilizing constituents taken into the body in the food. In the 
case of growing animals and cows in milk, from fifty to seven-
ty-five per cent of the fertilizing constituents of the food passes 
into the manure; in the case of fattening or working animals, 
from ninety to ninety-five per cent. 
III. INFLUENCE OF FOOD. 
In the case of anyone class of animals, the value of the 
manure is, as a rule, more dependent upon the kind of food 
consumed than upon any other one condition. It should be 
borne in mind that the process of digestion or the passing of the 
food through the animal adds nothing to the fertilizing value of 
the material, except to so change its form that the nitrogen, 
phosphoric acid, and potash are somewhat more readily avail-
able to the plants. The amount of these materials in .the ma-
nure depends chiefly upon the amount contained in the food 
22 
consumed by the animals, and to some extent upon the age of 
the animals. From the subjoined table * it will be seen that the 
. ordinary food stuffs vary greatly with respect to their content 
of fertilizing constituents. For example, it is shown that cot-
ton seed meal, linseed meal, and wheat bran yield the richest 
manures, followed by the clover hays, etc . 
. 
Value of Value of Value of Total ferti· 
Kind of food. nitrogen phosphorie potash in lizing value in 2000 aeidin 2000 in 2000 
pounds. pounds. 2000 pounds. pounds. 
--------------
Cottonseed meal. .. $21 20 $3 00 $1 80 $26 00 
Li:nseed meal. ..... 16 50 1 80 1 40 19 70 
Gluten meal ....... 15 00 o 30 o 05 15 35 
Wheat bran . . . . 8 00 2 90 1 60 12 50 
Clover hay (red) ... 6 20 o 40 2 20 8 80 
Alfalfa hay ....... 6 50 o 50 1 70 8 70 
Wheat ...... 7 10 o 90 o '60 8 60 
Oats ............. 6 20 o 80 o 60 7 60 
Corn meal ......... 4 75 o 60 o 40 5. 75 
Timothy hay ..... . 3 75 o 55 o 90 5 20 
Wheat straw .. ; .. 1 80 o 15 o 50 2 45 
Skim milk ........ 1 50 o 30 o 20 2 00 
Corn .ensilage ...... o 85 o 10 o 35 1 30 
o 55 o 10 o 40 1 05 Turmps ......... . 
It is clear, therefore, that of two foods costing the same 
price and having equal feeding value, the farmer should use 
the one having the highest fertilizing value. 
SOME OF THE COMMON LOSSES OF FERTILIZING MATERIALS 
IN MANURES. 
It is believed that more than half of the manure produced 
in Missouri is wasted. If this be true and the estimate of the 
value of this material already given be approximately correct, 
there is an annual loss to' the farmers .of the state from this 
source alone of $75,000,000. 
The heaviest loss occurs from faulty methods of feeding. 
A large proportion of the live stock of the state is fed in the 
open air. The feed lots are usually located on the most ro11-
*New York. Experiment Station, Bulletin 94. 
ing ground on the farm and oftentimes either on stony land or 
along ravines. A large portion of the fertilizing material con-
taiiled in the droppings is carried away by the rains and en-
tirely lost to the farm, and what remains is scattered over so 
wide an area that it is not usually found profitable to collect 
and haul it to the fields. In many cases thes~ feed lots are not 
susceptible of cultivation, either on account of the presence of 
stones, stumps, etc., or 011 account of their liability to wash 
into gullies. The grass in them is tramped to death by the 
stock or smothered by the manure and refuse co~rse feed so 
that they produce nothing in summer when the stock are at 
pasture, or produce worse than nothing-a luxuriant growth of 
weeds, in which rabbits, mice, and various injurious insects 
multiply and harbor to become a menace to the farm, garden, 
and orchard crops. 
A great improvement could be made by selecting some 
knoll or rolling spot convenient to the food supply and to the 
'house, but removed from ravines or water courses, so that the 
surface drainage from the lot would spread over valuable land. 
It would also be an improvement to confine the stock to a 
smaller area so that the droppings and litter could be easily 
loaded into wagons or manure spreaders and hauled to the 
field. With dehorned cattle this plan is entirely practicable. 
The refuse straw and corn stalks would soon ' accumulate 'in 
sufficient. quantities to keep the lot comparatively dry and free 
from mud. 
A better plan would be to build cheap sheds, open to the 
south, in which to feed the stock. The increased value of the 
manure would in a few years pay for the ~hed, leaving the ad-
vantage of shelter to the stock as a profit. 
Better than the sheds would be good barns in which the 
food, live stock, and manure .may be sheltered. 
Another common mistake which causes the loss of large 
quantities of manure is the leaving of shade trees along the 
ravines or on the rocky points in the pastures. The animals', 
in warm weather, spend considerable time under these trees 
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and at the end of the season a large quantity of manure has 
been deposited where it can not be conveniently hauled back to 
the pasture and where the rains will most readily carry it away. 
Locate the ~heds already referred to so that they may be 
utilized for shelter against the summer heat as well as the Will-
ter storms. By making these sheds square and having the north 
wall built in sections so that it may be removed in summer, 
they will prove more satisfactory as summer shelter, and 
will more effectually protect the animals against flies than will 
shade trees. The droppings under the shed are safe against 
loss from leaching ,until it is convenient for the farmer to spread 
them on his fields. The manure that accumulates under these 
sheds in winter is packed so closely by the continued tramping 
of the animals, that fermentation is to a large extent prevented, 
ai1d it may be hauled out at the owner's convenience. 
Manure made from animals at pasture is valuable and 
should be as carefully conserved as that made in the barn: 
This difficulty can be remedied by leaving the shade trees on 
the level land away from the ravines and water courses, or bet-
ter, the sheds already referred to. 
It is too often the case that a large waste of the fertilizing 
constituents of farm manures is allowed to occur even when 
suitable barns or sheds have been provided. The common 
methods of storing the manure under the eaves of the barn or 
shed for several months usu ally results in a loss of one thit d or 
more of its value by leaching. Moreover, the materials thus 
leached out are the most soluble and, therefore, the most avail-
able portions of the manure. All three of the valuable ele-
ments, viz., nitrogen, phosphoric acid, and potash, are affec-
ted by this leaching process. 
Another way in which the value of stable manure, espe-
cially horse manure, is frequently diminished is by too rapid 
fennenta,tion, or by fermentation without sufficient moisture. 
Only the nitrogen is lost in this way. A strong odor coming 
from the manure heap indicates that wasteful fermentation is 
taking place. 
26 
Both of these difficulties, losses from leaching and im-
proper fermentation, may be easily remedied by hauling the 
manure direct from the barn to the field and spreading it. 
Nothing is added to manure by fermentation or rotting, and 
much is likely to be taken away by these processes. For the 
common farm crops, such as corn, wheat, oats, grass, etc., the 
unfermented manure, fresh from the barn, will, in the end, 
give better returns at less cost for handling, etc. , than will 
manure that is allowed to stand for some time in small piles in 
the barnyard and afterward composted or rotted in the open 
air. It is true that the nitrogen, phosphoric acid, and potash 
in fermented or rotted manure are more easily and readily 
available to the plants to which it is applied, but these con-
stituents in fresh manure will be made available in a short time 
by the fermentive processes going on in the soil. This differ-
ence in availability is not sufficient to compensate for the losses 
that are likely to occur incomposting or rotting, nor to pay for 
the extl:a labor involved. 
The foregoing statements are not intended to apply to 
manure for garden crops, such as onions, cabbage, potatoes, etc. 
In case the. manure contains seeds of injurious weeds like dock, 
plantain, etc., it should always be thoroughly rotted before be-
ing applied. 
Another important loss of fertility is occasioned by the 
waste of the urine or liquid manure. The urine in most cases 
contains much higher percentages of nitrogen and potash than 
does the dung. It should also be noted that these materials in 
the urme are soluble and immediately available. In barns and 
sheds this liquid manure may be saved by the liberal use of 
straw or other bedding and the use of a small quantity of land 
plaster. 
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IV. GREEN MANURING.- THE VALUE OF CLOVERS 
AND COWPEAS IN MAINTAINING 
SOIL FERTILITY. 
The reason for rccommending the clovers and cowpcns 
for g recn manure crops is that thcy possess n power pcpJlinr to 
ROOT TUBER LES ON WPEAS AND RED CLOVER. 
this c1ass of plant, that of gathcring nitrogen from thc ail'. 
The other taple farm crops, such as corn, whea t, timothy, blue-
grass, etc. , have no such power, and must depend upon the 
available supply of nitrogen already in the so il. This power 
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ROOT TUBERCLES ON COWPEAS AND LUPIN. 
of the leguminolls pI ants to organize into growth the free 
nitrogenof--the air is, in some way, at present not fully under-
stood, connected with the nodules or foreign growths on their 
roots, commonly known as root tubercles. These tubercles on 
the clover roots are rarely ever larger than clover seed, while 
those on the roots of the cowpea, vetch, lupin, and some other 
leguminous plants are very much larger, one aggregation often 
measuring- three fourths of an inch ill diameter. A fair idea of 
the relative size of these tubercles on clover, cowpeas, and 
lupin roots may be formed from the accompanying illustrations 
made from photographs of these plants. The plants shown in 
the illustrations were grown on a piece of badly worn and 
almost unproductive land, now under test at the station. It is . 
definitely known that a portion of the large amount of nitrogen 
contained in these plants is derived by them from the air, and 
it is supposed that in case the ' supply in the soil is either 
exhausted or unavailable that they may draw upon the air for a 
large propertion, if not all, of their nitrogen supply. Whatever 
quantity is derived from this source is so much nitrogen gained, 
provided it is saved. From this source it is supposed that, 
with judicious care and management, the nitrogen supply, in 
reasonably good soil, may be maintained for an almost 
indefinite time. 
These root tubercles are the product of certain bacteria or 
small organisms, and unless these organisms are present in the 
soil, even clover and cowpeas will be unable to draw upon the 
free nitrogen of the air, but will be required to rely upon that 
stored in the soil just as do corn, wheat, timothy, etc. Soils 
may be artificially inoculated with these bacteria at a compara-
tively small expense. 
COMPARISON OF THE APPROXIMATE FERTILIZING MATERIALS 
CONTAINED IN AN ACRE RED CLOVER, COWPEAS, 
AND CRIMSON CLOVER. 
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COMMO~ Rrw CLOVER. The value of this plant for 
restoring wornout land to productiveness and in maintaining 
the fertility of productive land is beginning to be well recognized 
by the farmers of Missouri. Yet many farmers are attempting 
to grow corn and wheat on land that should be sown to clover. 
Considerable difficulty is frequently experienced in securing 
a good stand, and in inducing the plants to live through the 
first summe:r. On reasonably productive land, seeding early 
in the spring on winter wheat at the rate of not less than twelve 
pounds of good seed per acre, will nearly always . result in a 
good stand. After the wheat has been removed if weeds spring 
~p, run the mower over the stubble with the cutter bar set 
about five inches high, before the weeds have gotten large 
enough to injure the clover. Allow the weeds and clover tops 
to lie on the ground to serve as a mulch and a protection to 
the young clover plants from the heat of the sun. Repeat this 
operation as often as is necessary to keep the weeds from crowd-
ing out the clover. In case it is desired to get badly worn or 
washed land into clover, all application of about fifty bushels of 
lime pel: acre will, in most cases, prove very beneficial. If this 
lime costs more than eight cents per bushel spread on the land, 
it would be cheaper to use a potash fertilizer such as muriate 
of potash, at the rate of about two hundred pounds per acre, 
sown broadcast on the plowed ground, and harrowed in. On 
such land , however, it will be more satisfactory to sow cow-
peas for the first year or two, and bring the land into better 
condition before undertaking to grow clover. 
CRIMSON CLOVER (Trifolium incarnatum) makes a green 
manure very rich in nitrogen. It has the ad vantage of being 
able to mature a crop of green. manure or hay by May 10 in 
this latitude, when' sown the preceding July or August. It is 
usually sown in standing corn immediately after the last culti-
vation of the corn. It does not yield as much hay as common 
red clover. Our four years' experience with it at the station 
leads us to believe that it is difficult to get a good stand; that 
it should be sown not later that Augu~t I, July 15 preferred, 
to insure a good stand in all seasons; that it winter kills more 
frequently than red clover. On the whole it is doubtful if this 
plant can be recommended to the Missouri farmer at the pres-
ent time, either as a manure or as a hay crop. 
THE COWPEA. This plant appears to have the ability to 
thrive on land too poor to grow either red or crimson clover. 
It is not affected so seriously by excessive heat or drouth, and 
is not easily smothered out by weeds. 
On most soils in' central and ,southern Missouri it yields a 
larger quantity of vegetable matter, containing a larger total 
quantity of nitrogen, than does red clover. In the sections of 
the state where the climate is wdl adapted to the growth of 
cowpeas, it is believed that they will prove more satisfactory 
as a green manure crop than either red or crimson clover, 
especially on poor soils, inasmuch as there is less risk in secur-
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ing a stand, and there is no danger of the hot weather in mid-
summer killing the young plants. 
Compared with other green manure craps, the cowpea 
seems to grow especially well on poor land. On a piece of 
naturally poor upJand clay, which has, for the past fifty years, 
been grown in corn and wheat without fertilizer, the station 
began last spring a number of experiments in methods of 
restoring this soil to productiveness. On six of these plots cow-
peas were sown without manure. The average yield of vines 
and pods, exclusive of the stubble, was as follows: 
Green substance, 2,65opounds per acre; dry matter, 1,430 
pounds, estimated to contain 28 pounds of nitrogen, 7.5 pounds 
of phosphoric acid and 2 I pounds of potash. Rating these 
materials at their market price in the form of commercial 
fertilizers, they would have a value of $5.9° per acre. Adjoin-
ing plots planted to corn gave an average yield of 8. I bushels 
of corn and 860 pounds of field cured stover. Other plots in 
the same series sown to millet produced an ave>rage of 555 
pounds of green substance. Common red clover sown all 
similar plots did not attain a height of five inches, and failed to 
mature. 
Cowpeas should be sown at the rate of about 176 bushels 
per acre on a seed bed prepared about as for carn, either 
broadcast and covered with a corn cultivator to a depth of twa 
or three inches, or drilled with an ordinary wheat drill in rows 
sixteen inches apart, each alternate hoe being stopped. 
Avoid sowing too early in the spring. On the Station 
grounds the best results have been obtained from sowing from 
the 1st to the roth of June. If sown earlier the plants grow 
slowly during the cool weather, enabling the weeds and grass 
to gain a foothold. When sown after the season is more 
advanced and the soil is warmer, no trouble need be feared 
from this cause, as the cowpeas will grow rapidly enough to 
smother any weeds thatmay start. Last season a crop of one 
and one half tons of field cured hay per acre> was grown from 
seeding on wheat stubble without plowing after the wheat had 
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been harvested July 1. These peas were removec,l and the 
land again sown in wheat without being broken, by September 
20. It is a common practice in southern Missouri to sow cow-
peas between the corn rows just before the last cultivation, and 
cover them at the time the corn is cultivated. In this way a 
fair yield is obtained, which is valuable both for pasture and 
manure. In the corn belt where the whole season is required 
to mature the corn plant, this practice has not been found to 
be profitable. 
The variety best adapted for general use in Missouri is the 
Whip-poor-Will. This is the earliest variety, and if sown by 
the 10th of June will in the average season mature seed in any 
section of Missouri. The Clay grows somewhat more rank 
and is a little later in maturing. The Black is still larger and 
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later. The Unknown or Wonderful produces the largest 
growth of vine and requires the longest time for maturity. 
The cured vines and pods make most excellent hay. For 
this purpose they should be cut when most of the pods have 
been formed and the first pods are beginning to turn brown. 
When delayed beyond this stage of development a loss of 
leaves and peas by shattering will result. This hay is some-
what difficult to cure, and requires considerable attention, 
although not a large amount of labor. 
THE TIME TO TURN UNDER GREEN MANURE. 
The common impression among farmers is that these 
crops ml1.5t be turnfd under when very green in order to pro-
duce valuable manure j that if allowed to mature or become 
dry, much of the valuable fertilizing material will be lost by 
evaporation. This is entirely incorrect. A larger yield will 
be obtained by allowing the plants designed for manure to 
become mature. Of course an exception should be made in 
the case of weed crops whose seeds are likely to be trouble-
some afterward. Recent experiments show that red clover 
when plowed under at the beginning of the blossom contained 
little more than one third as mu"h nitrogen as when matured. 
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In the case of crimson clover the amount of nitrogen yielded 
per acre by the entire plant, including the roots and stubble, 
was: 
April 24, plants 5 to 7 inches high, 103 pounds of nitro-
gen; May 31, plants fully mature, 212 pounds nitrogen. 
The fertilizing value of the crop. at different stages of 
development was: 
April 24, plants 5 to 7 inches high, value .. . ........ . ... $21.94 
May 12, plants 12 to 14 inches high, value. . . . . . . . . . . . . .. $34.64 
May 24, plants in bloom, value ... ... .. ... . . . .. . ........ $37.06 
May 31, plants fully matured, value .................... $43.96* 
In the case of cowpens, except on poor lanel where a 
large supply of fertilizing matter and vegetable material is 
needed immediately, it will usually be found more profitable 
to pasture them with hogs or other stock, and turn the refuse 
vines under late in the fall or the following spring. Where a 
very rank growth of clover or cowpeas is secured, much of the 
difficulty usually experienced in turning it under may be ob-
viated by first running a harrow over the field in the direction, 
in all cases, that the plow is to go, and so break and straighten 
the vines that with the aid of a rolling coulter they may be 
easily plowed under. 
* Delaware Experiment Sta.ti on. 
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A LIST OF BULLETINS ISSUED BY THE MISSOURI AGRICULTURAL 
COLLEGE AND EXPERIMENT STATION. 
'" Agricultural College Bulletins: 
I. Grinding corn for hogs. 
2. Feeding steers. 
3. Report of tests of varieties of wheat and corn. 
4. Mulching. 
5. Relation of tillage to soil moisture. 
6. Relation of dew to soil moisture. 
7. Feeding wheat and corn. 
S. Grain feeding steers at pasture. 
9. Grass-fed pigs. 
10. Pig feeding for lean meat. 
II. Corn fodder, its value as feed. 
12. Seed potatoes, large vs. small. 
13. Draft tests of broad and narrow tired wagons. 
14. Feeding for lean meat. 
IS. Contagious pleuro-pneumonia-definition, history, 
symtoms, treatment. 
16. Glanders and farcy. 
17. Tests of forage crops. 
18. Sub-soiling. 
19. Feeding for lean meat. 
20. Observations and investigations in horticultural de-
partment. 
2 I • Plants and their uses. 
22. Corn-influence of maturity upon yield. 
23. Relations of dew to soil moisture. 
24. Report of Dr. P. Paquin, State Veterinary Inspector, 
covering his visit to France, etc. 
25. Shrinkage of hay in stacks. 
26. Observations and investigations in Horticultura e-
partment. 
27. Feeding for flesh. 
28. Maintenance rations for pigs. 
29' Rotation of crops. 
30. Fertilization. 
31. Texas fever and other diseases. 
32. Plows and plowing. 
33. Quarterly report of State Veterinarian. 
34. Experimental farming. 
35. Grasses for pastures and meadows. 
----
* All of the Agricultural College Bulletins are out of print. 
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Experiment Statt'on Bulletins; 
r. Announcement of orgalllzation of experiment station. 
*2. Pasture grasses. 
-"'3' Spaying. 
4. Test of tillage implements. 
5. Soil, weather, field trials with corn. 
6. Experiments on seed germination, pea weevil, and 
apples. 
*7. Green versus dry storage of fodder. 
8. Feeding ensilage against dry fodder. 
9. Study of the life history of corn. 
10. Analysis of Ben Davis apples, experiments with 
bordeaux mixture, notes on fruits and vegetables. 
11. Texas fever. 
12. Black leg. 
13. Observations on fruits and vegetables. 
I4. Field experiments with corn. 
IS. Wheat-test of varieties. 
16. Observations and investigations on fruits and vege-
tables. -
17. Sugar beets. 
18. Strawberries. 
19. Soils and fertilizers. 
20. Soils and fertilizers. 
2 r. Tests of varieties of wheat. 
22. Seedling strawberries. 
23. Grape culture. 
24. Comparative tests of different breeds of beef cattl e. 
25. Chemical investigations of the flesh of beef cattle. 
26. Dairy management. 
27. Spraying apple trees. 
28. Feeding tests with different breeds of beef cattle. 
29. Feeding wheat to pigs. 
*30 .. Spray calendar. 
31. Spraying orchards and vineyards. 
32. Field experiments with corn. 
33. Enquiry into the principles of potatoe growing 
and tests of varieties. . 
34. Manuresand fertilizers 
"'Edition exhausted. 
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